Background: Infection of the spleen with echinococcus is a rare clinical entity. Because the diagnosis of a splenic infestation with echinococcus is sometimes delayed, large hydatid cysts or pseudotumors may develop, demanding a differential surgical approach to cure the disease. Methods: In a retrospective study 10 patients out of 250 with abdominal echinococcosis (4%) were identified to have splenic infestation, either limited to the spleen (n = 4) or with synchronous involvement of the liver (n = 4), major omentum (n = 1), or the liver and lung (n = 1). Only one patient had alveolar echinococcosis whereas the others showed hydatid cysts of the spleen. Surgical therapy included splenectomy in 7 patients or partial cyst excision combined with omentoplasty in 3 patients. In case of liver involvement, pericystectomy was carried out simultaneously.
INTRODUCTION
The liver is the most commonly affected organ with echinococcus infection, followed by the lung and the spleen which accounts for 0.5 to 5.8% of all patients suffering from echinococcal disease [1, 2] . The rare contamination of the spleen by echinococcus is related to the anatomy of the portal vein system and the deportment of the embryos of the tapeworms by the blood. The adult worms produce eggs that are released into grazing areas with the feces which then can be scattered by environmental influences. After ingestion by the host, i.e. humans, the embryos migrate through the intestinal wall and mature mostly in the liver [3] . Sometimes, the eggs may penetrate the circulation without forming cysts in the liver, thus enabling them to settle in other organs via the blood flow. However, it is also possible that when a human host has a fissured cyst, scolices or daughter hydatids can migrate through the wall of the cyst. They can be released to the body and may form new cysts in nearby or distant organs, such as the spleen (secondary echinococcosis) [3, 4] . Literature which focuses on splenic echinococcosis is, so far based on sporadic cases, and seems inconsistent with regard to splenectomy, spleen-preserving surgery or interventional treatment options as the recommended procedure in that cases [5, 6, 7] .
This report concerns 10 patients who underwent surgery for splenic echinococcal disease in our hospital. We analyzed clinical signs, diagnostic and surgical proceduers as well as the long-term outcome of the patients.
PATIENTS AND METHODS
Between 1982 and 2004 a total of 250 patients with abdominal echinococcus disease underwent surgery at our institution. During this period, 10 patients underwent operation because of an involvement of the spleen with echinococcus. These patients were retrospectively identified by analysis of patients records. In consequence, splenic echinococcosis represented 4% of abdominal echinococcus disease treated in our center. The spleen was the sole site of infection in 4 cases whereas the other patients had synchronous diesease of the liver (4 cases), the peritoneum (1 case) or combined infection of the liver and the lung ( Table 1) . The mean age of the patients was 37.7 years (22 -57 ys.) and females had a greater risk to acquire the disease (8 : 2). There was only one patient (No. 9) who developed infection of the spleen with E. multilocularis. This patient underwent orthotopic liver transplantation (OLT) due to alveolar echinococcosis one year before. Therefore, splenic involvement in this case was considered as recurrence of the original disease rather than a de novo infection.
Diagnosis was based on imaging techniques, including ultrasound examination and computed tomography (CT) as well as immunologic tests, such as the immunoelectrophoresis test (IEP) and the indirect im-munofluorescence assay (IFA) [8, 9] . Additionally, medical history and the clinical symptoms of the patients were guidelines for establishing the diagnosis (Table 2) .
In all patients surgery was performed as an open procedure and all patients received prophylactic vaccination (Pneumovax ® ) to avoid infections. When the spleen was the only site of echinococcal disease, we approached the abdominal cavity via a left subcostal incision. When the liver was simultaneously involved, we performed a transverse laparotomy, enabling cure of both organs from the disease at the same time. Only the patient with hydatidosis of the lung, the liver and the spleen was operated in two stages, beginning with the resection of the inferior lobe of the right lung. After complete recovery of this patient, a combined approach with splenectomy and pericystectomy of the liver was carried out. All surgical procedures were performed under medical prophylaxis either with mebendazole or albendazole, respectively [10] . This therapy was postoperatively continued in all patients for at least six month or until immunologic tests became negative (Table 3 ). The basic principles of the surgical procedure were an entire elimination of the parasite, no intraoperative spillage, and saving of healthy tissue. Therefore, we used partial cystectomy in combination with an omentoplasty whenever possible in the spleen and, consequently, the pericystectomy procedure when the liver was involved [11, 12] . Because this practice principally contained the risk of contamination with infective material, we stuffed the abdominal cavity with high-concentrated (25%) salinesoaked towels immediately next to the cysts which is a common recommendation in the literature [13] . Prior to resection, the cyst was evacuated by a sump-drain and the cavity was then filled with saline solution (25%). At the end of the operation the cavity was filled with omentum which was additionally fixed by sutures at the edges of the remnant cyst wall. In contrast, splenectomy does not require specific precautions with solicidal agents, in particular when the cysts are located amidst normal parenchyma. The house doctors as well as the patients were interviewed in order to gain follow-up data. In all cases, the obtained information was satisfactory to decide whether a patient was free of recurrent disease. This assumption was confirmed by up-to-date immunologic tests and abdominal imaging (ultrasound examination), respectively. Mean follow-up time was 8.8 years (2.7-16.6 years).
RESULTS
Most of our patients presented no overt clinical symptoms. The main complaint was mild abdominal pain, mostly located in the left upper quadrant. One patient (No. 7) had non-characteristic symptoms in the upper right abdomen which may be attributed to the liver hydatid cyst of 8 cm in diameter. Another patient (No. 10) presented with a palpable mass in the left hypochondrium and with marked dyspnoe (Tables 1, 2 ). In this patient, chest radiographs showed multiple calcifications in hydatids of the lung as well as of the spleen.
In only 2 cases the preoperative ultrasound examination was highly sensitive for the diagnosis of a hydatid cyst due to characteristic features, such as membranes within the cyst and some calcifications ( Table  2) . In all other patients further imaging studies were necessary for the diagnosis of echinococcal disease. However, even CT-scans did not always allow the correct diagnosis as indicated by the lack of typical signs within the cyst in 5 out of 9 patients with hydatid disease (55%).
Therefore, serological tests were initiated when ultrasonography or CT scans revealed cystic lesions in the spleen or liver and an infection with echinococcus was assumed. However, as indicated in Table 2 eosinophilia was very uncommon in our patients, whereas specific immunological tests failed to establish the diagnosis only in one case.
In all patients the diagnosis of echinococcal disease was confirmed during operation or at histological work-up. A single cyst of the spleen was observed in all cases, even in the patient with E. multilocularis infection (No. 9) the`tumor`represented as a cystic lesion. The spleen was removed in 7 cases; only in 3 patients a spleen-sparing surgical treatment was achieved (Table 3 ). In these patients (No. 3, 4, 8) the hydatid cyst was located at the upper or lower pole of the spleen with its major portion outside the splenic parenchyma. Therefore, it seemed possible to preserve the spleen by partial resection of the cyst. In 6 patients additional surgical procedures were necessary because of involvement of other organs. The infiltration of the major omentum with echinococcus multilocularis (patient No. 9) was an incidental finding during operation and required complete resection. The mean diameter of hydatid cysts of the liver was 7.3 cm (5 -9 cm, Table 1 ). All of these cysts were located in the right liver lobe (segment VI, n = 2 and segment VII, n = 3). In all these cases, a pericystectomy of the liver was performed prior to the splenectomy (Table 3) .
All patients recovered shortly after surgery (Table  3) . There was no mortality in these patients. We observed 3 operation-related complications, including one deep vein thrombosis, one wound infection and one liver abscess, the latter of these requiring intervention by puncture and drainage. The duration of EUROPEAN hospitalization ranged from 6 to 14 days (mean 8.5 days). All of the patients were discharged home, but underwent control examination as out-patients one week later. Interestingly, we observed a shorter hospital stay when a combined operation, i.e splenectomy plus pericystectomy was necessary. Follow-up ranged from 2.7 years to 16.6 years (mean 8.8 years). During this period none of the patients required further operation. The perioperative prophylaxis with mebendazole or albendazole was continued postoperatively in all patients for another six months. At the time of follow-up examinations, all patients were free of disease as indicated by various imaging studies as well as by negative immunologic tests.
DISCUSSION
Echinococcal infection is caused by the larval form of the cestode Echinococcus, with E. granulosus accounting for about 95% of all cases of hydatid disease [14] . In humans, the larval metacestode stage causes cystic hydatid disease which is characterized by the expansive growth of larval cysts, mostly in the liver and less frequently in other organs [1, 2] . Infection in man by the larval stage of E. multilocularis causes alveolar hydatid disease which is characterized by the proliferation of a multivesicular, larval tissue with a tumor-like infiltration of host tissues [15] . In Central Europe, alveolar hydatid disease represents by far the most serious form of Echinococcus infection in man. Recently, the annual mean incidence of newly diagnosed cases of echinococcal disease in endemic regions of Germany was calculated to be 0.04 per 100.000 [16] . However, this rate is markedly different from the incidences of highly endemic areas, such as Israel (7.0-45.9/100.000/year) or Tunesia (15.1/100.000/year) [17] .
The clinical course of echinococcal infection is highly variable and depends on the localization, extent and proliferation of the larval tissue as well as on the host reaction. In our institution and in most reports in the literature splenic hydatidosis occupies the third place behind hepatic and pulmonary hydatid disease. Its frequency varies between 0.5 and 8% (1-3); in our series it was calculated as 4%. Additional hepatic or pulmonary involvement occurs in 20-30% of cases [6] which is a lower rate than we observed in our patients (55%). This discrepancy may be explained by the relatively late diagnosis of echinococcal disease due to the mild symptoms of the majority of patients. Furthermore, the presence of a hydatid cyst in the liver with a mean size in this series of 7.3 cm might be the cause for secondary echinococcosis of the spleen [3, 18] .
In our patients a single large hydatid cyst, comprising a substantial part of the splenic parenchyma existed in all, but one case. In patient No.9 only a 2.5 cm cystic lesion was recognized in the US scan during routine follow-up after liver transplantation. Because this patient did not develop any symptoms in the left hypochondrium, one has to be aware that only large hydatid cysts may cause patient complaints which can force diagnostic procedures. However, clinical manifestations of splenic hydatid disease are usually mild and nonspecific, even when the cysts reach a considerable size. Five patients presented with mild abdominal pain as the only symptom. Another patient developed mild discomfort only in the right hypochondrium which was due to the cyst in the liver whereas the cyst in the spleen (9cm in diameter) was clinically inapperant. A hard, round mass could be palpated in the left hypochondriac region in patient No. 10, however, the diagnosis was made by standard chest radiography which was initiated because of prolonged dyspnoe. These images revealed a cystic disease in the right lung, the liver, and the spleen. Because partial calcification of the cysts were considered as typical features [19] , the diagnosis of echinococcal disease was established. Complications, such as secondary infection, cyst rupture into the abdominal cavity, and anaphylactic shock have been reported, but seem mainly related to very large splenic cysts [20, 21] .
Today, the diagnosis of splenic hydatidosis is greatly aided by ultrasonography (US) and, in particular CT scans [22, 23] . However, sonographic and CT findings of splenic cysts are not specific because other cystic lesions may present with similar appearances on US and CT [5, 24] . Due to the diagnostic uncertainty, Gharbi and coworkers introduced 5 types of US morphology of hydatid cysts which should help to find the right diagnosis [25] . The US findings of patients No.4 and 10 illustrates the difficulties which may be encountered during diagnostic work-up; the hydatid cysts appeared as a pure cystic lesion (Gharbi type 1) without membranes, daughter cysts or calcifications, thus hardly to be identified as a parasitic cyst. However, synchronous cystic lesions in the liver may guide to the diagnosis of echinococcal disease of the spleen. Several immunologic tests may also help in the diagnosis, although laboratory data are sometimes uncertain; hepatic hydatidosis is reported to be confirmed in 80-94%, but extrahepatic hydatidosis only in 65% of cases, even when the immunologic tests are based on multiple methods [8, 9] . In our series, the immunological testing consisted of immunoelectrophoresis test (IEP) or the indirect immunofluorescence assay (IFA). IEP-test normally allows the diagnosis of hepatic hydatidosis in 94% [26] , but has only a low sensitivity when an extrahepatic manifestation of echinococcal disease is present. In contrast, the serologic response of the IFA test is highest in the presence of hepatic or splenic hydatidosis [27] . Only one patient (No.4) of our series was not recognized by laboratory testing (IEP), but all patients who presented with additional hydatid cysts outside of the spleen were positive in the immunological tests, confirming some reports in the literature [8] . In contrast, the determination of eosinophilia in patients with cystic disease seems to be of little help [8] .
Surgery is the mainstay of treatment for hydatid disease of the spleen and several surgical techniques have been applied to splenic echinococcosis, including spleen-sparing operations [5, 7, 28] . As for these cases, the splenic cyst is evacuated by a sump drain after unroofing of the cyst wall and the residual cavity is then filled with a 25% saline solution, followed by an omentoplasty. Different scolicidal agents have been proposed to prevent spillage of infectious material during resection of the cysts. However, some of these substances showed only in vitro activity and thus were not superior to hypertonic saline, as used in this series [29] . Additionally, the omentoplasty fills the cavity by a pediculated part of the greater omentum, a procedure which proofed to reduce postoperative complications, including biliary fistulas [30] . An organ-sparing approach seems favourable when the cysts are located at the splenic surface or at the poles of the spleen as in 3 of our patients (No.3, 4, 8) . In contrast to the unroofing and evacuation of hydatid cysts of the spleen, splenic salvage by cyst enucleation or partial splenectomy may often be related to a considerable blood loss. Furthermore, due to the difficulty of vascular control during parenchymal transection, these operations preclude a laparoscopic approach as it is feasible for splenectomies or for deroofing of the cyst wall [31] .
Although the preservation of the spleen is being increasingly advocated to prevent some complications associated with splenectomy [32] , only the complete removal of the diseased organ rids the patient of a potentially infected cavity which carries the risk of recurrence [33] . For this reason as well as an unrecognized infection with E. multilocularis, we are in favor of splenectomy. As we could demonstrate, this procedure can be associated with no mortality and a low morbidity which is similar to that observed after surgery for hepatic hydatidosis [1, 19] . Moreover, one of the postoperative complications was related to a pericystectomy of the liver (patient No.10) and another complication might be the result of a re-laparotomy in an immunosuppressed patient (No.9) rather than the consequence of a splenectomy.
In the case of additional hepatic disease, splenectomy is followed by surgical management of hepatic cysts, usually pericystectomy as in our patients. The combined therapy of the liver and the spleen during one single operation seems feasible [9, 34] which is in line with our observation that there was no enhanced morbidity in these patients. After splenectomy the patients are more susceptible to infections or even sepsis, in particular in childhood [32, 35] . Therefore, all patients underwent prophylactic vaccination prior to surgery to significantly reduce that specific risk [35, 36] .
Recently, percutaneous aspiration, combined with the injection of scolicidal agents into the cyst cavity under radiologic guidance has been introduced as an alternative to surgical treatment of hydatid cysts of the liver, indicating lower complication rates and a shorter hospital stay than open surgery [37] . However, cyst puncture may lead to spillage of infectious material with the risk of dissemination of a primarly limited disease [37, 38] and, moreover, there is no data to do this procedure in splenic cysts [38] .
Hydatid cysts are known to recur with a frequency from 8 to 20% following a hepatic infestation [33] . Although reliable data are missing, recurrance rates after splenic hydatidosis seem very low following splenectomy, but might be higher after spleen-sparing operations or when additional cysts were removed from other organs. Therefore, medical prophylaxis should be given to patients perioperatively as well as during the first 6 month after surgery, usually including albendazole or mebendazole [39] .
In conclusion, splenectomy remains the therapeutic procedure of choice because it offers the complete cure from the disease with low mortality-and morbidity rates. We could also demonstrate that splenectomy or partial cystectomy of the spleen can safely be combined with procedures related to hydatid disease of the liver. Spleen-preserving surgery should be indicated carefully whereas in the future, interventional procedures might gain increasing significance as a therapeutic option.
